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The Critical Path Method of planning and scheduling 
operations atteii^ts to arrive at a schedule of project ac- 
tivities vThich results in the least cost. However, CPM 
does not consider manpower and machine requirements of tho 
various activities. Therefore, groat fluctuations in the 
daily requirements for these different trades or rosoxircos 
may invalidate tho cost information associated v/ith a CPM 
schedule. Several methods have been devised to adjust 
the CPM schedule so that resoxirce fluctuations and moximxjra 
rosoLiPco requirements are reduced. The ideal situation, 
however, is a constant level of resource usage v/hich those 
methods do not obtain. 

This thesis outlines the basic principles of tho Cri- 
tical Path i*lothod and explains T-rhy resource considerations 
may be an ovor;-Thelming factor in arriving at an optimum 
project achedtile. The various resource scheduling and 
schod'ulo adjustment methods are described which atterqjt 
to solve the problem of resource fluctuations. The reasons 
for their lack of success are e^lainod, the primary one 
being the assurt^jtion of constant activity crow size. A 
resource leveling technique is presented which should main- 
tain a very nearly constant level of resource usage on most 
projects. And, finally, several suggestions are made for 
future vTork in the field of resource scheduling. 
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IfJTRODUCTIOl'I 

Following the worldwide industrial revolution in the 
19th century, manufacturing and other industrial operations 
began to be increasingly complicated. Large mechanized in- 
dustries developed and it oecame increasingly apparent that 
long range planning v/as necessary to insure successful 
operations. Thus the operational planner became an im- 
portant figure in all industrial organizations. In the 
construction industry, the success of any operation is 
critically dependent on the judgement and accuracy of the 
planners and estimators. However, until recent years, these 
planners v;ere forced to rely on their experience and pro- 
fessional judgement in planning and scheduling operations. 

During World V/ar II, the field of Operations Analysis 
developed using the basic principles of statistics and pro- 
bability to plan more effective military operations. Out 
of this came the realization that industrial projects could 
also be planned vrf.th more qiiantitative methods. Thus more 
interest developed in ox>erational planning and inevitably 
several techniques were developed. 

In 1957 j a technique of planning and scheduling projects 
v/as introduced at E.I. du Pont de Nemours Company v;hich came 
to be knowii as the Critical Path Method. During the last 
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decade It has been developed by laany others and several 
methods of solution have oeen derived. At the same time 
a very similar method called PERT was developed by the 
U.S. Havy and was partially responsible for the completion 
of the Polaris Missile far ahead of expectations. In the 
last few years a series of computer programs have been 
written which calculate results formerly derived by hand. 
Thus, large projects can novr be planned quickly and v/ith 
little effort the most profitable schedule is obtained. 

Today the Critical Path Method is widely used in manufac- 
turing and construction projects and is, in fact, required 
on all construction contracts with the U.S, Government, 
However, along with project planning and scheduling 
came the problems of scheduling resource requirements. 

In this context the word ‘'resource** refers to the men and 
macliines required by a project. For instance a construc- 
tion project may require qarpenters, steelv/orkers, painters, 
cranes, steam shovels, and bulldozers. Each one of these 
is a resource, "Resource requirements" or "resource usage" 
refers to the quantity of man-days or machine-days of a 
certain resource required by a project. The resource usage 
on one certain day refers to the number of men or machines 
required by the project on that day. This brings up the 
concept of resource leveling. Vftiile the overall resource 

requirements of a project cannot usually be changed, the 
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resource usage on any particular day is quite variable. The 
object of resource leveling is to balance the resource re- 
quireaents of a project over the length of the project so 
that the rosourcs usage on each day of the project is the 
same or very nearly so. In other words resource leveling 
tries to obtain a constant level of resource usage over the 
duration of a project. This must be done separately for 
each resource required by the project. It is realised that 
such an absolute level of resource usage is not possible or 
even desirable on most actual projects. Kowever, it is the 
ideal and cost economical situation and the co&l for which 
any resource leveling technique should strive. It should 
be noted that resource leveling as described in tlis paper 
differs considerably from most rescui'cc cllccaticn techniques 
which only seek to restrain daily resource usage below a 
certain nazimum. 

The object of this thesis is to develop a mathematical 
t-'chnique for resource leveling wi.ich can be easily com- 
puted by hand or programmed for a digital computer. In this 
v'ay it can be economically used on ooth large and small 
projects. The usef'ullncss of this technique will oc greatly 
increased when it has been converted into an op. rating com- 
puter prcj_ren. It is suggested tha^ this oe uhc suLJ ct 
of a future tljcsis in this dv^partment. 

Thor -, familiar with the Critical ^atb he ti ed ma^ pre-fer 



to omit reading the followini section, possibly referring 
only to the diagrams which form a basis for those in 
other sections. Throughout this thesis the construction 
industry will oe used in the illustrative examples. How- 
ever, it is certainly hoped and expected that \/ith soiae 
small adaptive changes the teermique presented could be used 
for the manufacturing and other industrial processes. 
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TEL CRITICAL PATE ME'-THOD 



In this section the Critical Path Method itself will 
be discussed. It should be understood that CPM will not 
be explained fully. It will only be discussed to the extent 
necessary to give the reader a background and insight into 
the problens which make a resource leveling technique nec- 
essary, For a more complete understanding of CPM the reader 
should familiarize himself with Lecture Notes on Critical 
Path Scheduling by J, Lloyd Cutcliffe, (1) 

CPM is divided into two phases - the planning phase and 
the scheduling phase. Basically the planning phase consists 
of breaking a project or operation down into activities . 

In a typical construction project an activity might be: 

"erect framev/ork for second deck floor slab". The beginning 
and the end of an activity are knovna as events . Once the 
project is broken dovai as far as possible into separate 
activities, the activities and events are arranged in an 
arrow diagram . The arrow diagram illustrates which activities 
must be completed before others can uegin. Activities are 
represented by arrov/s and events by circles. The length 
on any arrow has no meaning, but care must be taken to insure 
that an arrow preccseds or follov/s only those other arrows 
v/hich it must. In other \rards, activities must proceed in 
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a logical sequence. Certain activities ciust be corapleted 
before others can begin and the arrow diagram must accu- 
rately reflect this. In many cases several activities may 
take place at the sane time. In the diagram, events must 
be numbered so that every arrow ends at an event vdth a 
number greater than the number of the event at which it 
started. A typical arrow diagram for part of a project is 
shown in Figui*e II-l on the follov/ing page. 

For the scheduling phase it is necessary to determine 
cost information for each activity. For this purpose a 
time-cost curve is developed for each activity. In general 
if an activity is completed in a normal amount of time with 
an efficiently sized crew, it will require a certain number 
of man-days to complete and will have a certain cost ass- 
ociated with this. Since material costs are constant re- 
gardless of activity duration (neglecting v/astage) they 
are not considered in the CPM analysis. Therefore the ac- 
tivity cost is usually a direct multiple of the muaber of 
man-days required. This multiple, of course, varies with 
the wage rate of the men working but for rough purposes 
can be assumed to be an average value for all activities 
and trades. As an example, assume an activity normally re- 
quires 48 nan-days to complete. An efficient-size crew may 
vary from 3 to 12 men. Therefore the activity may be com- 
pleted efficiently in a period of from 4 to 16 days. 
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it is necessary to complete the job in 2 days it may take 
56 man-days and therefore a crew size of 28 men. The greater 
mimber of man-days are caused by the fact that 28 men cannot 
work efficiently on this activity, possibly because of limi- 
ted space. Assuming an average wags rate of S30. 00/d ay /man, 
this activity would cost $144-0.00 to complete in 4 to 16 days 
and S1680 to complete in 2 days. It is assumsd that the 
activity cannot be completed in less than 2 days. Assuming 
a linear relationship between 2 and 4 days the time-cost 
curve shown in Figure II-2 is derived. It can be assumed 
that a crew of fewer than 3 wen would either be impossible 
or inefficient. Therefore the cost of completing the activity 
in a duration of greater than 16 days would be either in- 
finite or some value greater than $l44o,CO, Long durations 
such os this can be ignored since they vrould never be in- 
cluded in any least-cost schedule anyv/ay, Normally in a 
CPM analysis any duration longer than 4 days for this example 
activity would be neglected because the cost camot be de- 
creased by lengthening the activity beyond this point. 

The scheduling phase uses the arrow diagram and the time- 
cost curve for each activity to produces a marginal time- 
cost curve for the entire project wMch may look like the 
diagram in Figure II-3. Again, straight line segments are 
drawn between calculated points. To the values of direct 
cost obtained for each duration from this curve are add«;-d 
the Indirect or overhead costs associated with this parti- 
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cular duration. The indirect costs can normally be consi- 
dered a constant cost per day and therefore increase lin- 
early with duration. 

Figure II-4 shows a typical indirect cost curve and a 
curve which represents the sum of direct and indirect costs 
is shown in Figure II- 5. The point on Figure II- 5 ^?-t which 
total cost is a minimum is usually chosen as the optimum 
duration. The Critical Path Method, therefore, indicates 
that duration at which a project can be accomplished at 
least cost. ilov;ever, if there is a previously specified 
completion time shorter than the optimum, this dura«.ion must 
be chosen instead, even though the total project cost vrill 
be greater. 

For each calculated completion time a schedule is also 
produced which gives the time of each event necessary in 
order to complete the project in this duration. The infor- 
mation produced for each schedule is the scheduled duration 
of each activity, the earliest possible time of each event, 
the latest possible time of each event, and several other 
quantities Icnown as floats . The arrow diagram in Figure II-6 
illustrates some of these quantiti^-s. The number ov r each 
arrow is the scheduled duration of that activity. The numb.r 
circled near each event is the earliest possible time of 
that event and the number inclosed in a square is ehe latest 
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poseible tine of that «vcnt* ^.xaniriaticn of these quan- 
titivs should indicate how they are derived, ?2ds is hov/’ 
the arrow diot.raa nltht appear with the fiiia,! schedule in- 
formation Indicated on it. Th, project la aasuu'id to et&rt 
at timo z^vo and the conplctivn tine is the tine of the final 
event • 

The float of oii activity cun bs defined rouiJxly as the 

l«-eway allowaul'S in the soheduiinc of that acti^^lty, horc 

spocifioally, eoAeid .r the activity which la prcccfu d by 

event 1 and follow d by event If* 

■’t 

t ^ the oorliS'st. possible tins of v,vcnl i 
t ^ - the latest posslb.lc tine of event 1 

t 

t c: the carli ot possible tine of ovent ^ 

t I = the latest possiblo tine of avant and 

t » the scheduled durativUi of this activity 

then the floats for this activity can s€ def;iLncd as follows: 

I I 

Jk, \J *L Jk* i. jjJ ^ X *** ^ 

'Ibis is the aa;ciuit of tins that the activity can be length- 
ened v/iti'iout chancing the ccnplcti;?n tine of the pro;]ect. 

Fart of this float nay he shared vltli the preceding and the 
following activities, ^or anauple, the total float of ac- 
tivity 4-7 in Figure 11-6 is 25 days, 

t 

Tills is tliO anount of tlr.c that the activity can be I'-i.gth- 
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ened \/ithout changing the earliest possible starting tines 
of the activities imediately following it. Part of this 
float nay be shared by preceding activities. The free float 
of activity 4-7 of the example project is 3 days, 

FLOAT = t - t - t 

This is the rjiount of time that the activity can be length- 
ened vri-thont changing the earliest possible tines of follov/- 
ing activities or the latest possible tines of the preceding 
activities. This float is not shtirad \^'ith any other acti- 
vities, Activity 4-7 bas no independent float. The inde- 
pendent float of activity 5-8 is 7 days. 

Those activities \;hich possess no float are called cri- 
tical, They must be perforned at the scheduled tine in 
order that the project completion not be delayed. No Ice- 
\v'ay is available for thase activities. These activities form 
a continuous path from the start to tho end of a project, 
lienee the term " critical paW . In the arrov/ diagram of 
Figure II-6, the critical path consists 
1 - 3, 3 - 5, 5 - 6, and 6 - 8. 



of the activities 
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III 

THE RESOURCE PROBLEM 



To tills point thoro has boon no raention of resource 
usage except in the development of the activity time-cost 
curves. In scheduling activities no consideration has been 
raaao of the possibility of excessive X'esource require- 
ments duo to siiU’oltanoous requii^emonts by several activi- 
ties. Herein lies tho raajor drawback of the Critical Path 
Method as it presently exists. Requirements for a psjrti- 
cular rosoiu'GO may fluctuate radically from day to day. A 
bar chra*t representation of tho project diagrammed in Plguro 
Ii-6 may illustrate this point. Such a chart is show'n in 
Figui’o lll-l. The bar chart shows each activity represented 
by a bar begirding at its earliest possible starting time 
and continuing for tho scheduler duration, Considox’ eno 
specific rosourco for the moment, for example carpenters. 

The figures above each bar inaicate possible requirements 
for cax'pontors by that activity curing each day of its 
duration. In this example it can be seen that 10 carpenters 
are needed during the first 2 days, 13 the next day, 7 the 
next, 15 on the fifth day and so on. It is quite possible 
that on a larger project with more simultaneous activi- 
ties, these fluctuations could be much greater, h’hen 
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other resources are brought into consideration it is ob- 
vious that quite a serious situation can develop. Because 
of the nature of the Critical Path 2'lethod, it is normal 
for several resources to have p^iak requirements at the 
sane tine. Any businessman can see that a situation like 
this is to be avoided at almost any cost. But as CPIl e::ists 
now, there is very little that can be done. Certain attempt 
hav. been made to keep resource requirements below a cer- 
tain naximuja limit and they v/ill be explained in detail 
in the next section. 

There are several reasons for t;anting to level re- 
source usage. The first one usually considered is the limit 
of availability. Certainly, if one can only hire 10 car- 
penters, then something must be done to alter the schedule 
diagrammed in Figure III-l. This is the factor most often 
considered in resoiu'ce allocation methods but there are 
others v/hich may bo far more important in the long run. 
Suppose it is possible to hire a sufficient numoer of car- 
penters for any requiremv^nts you might have. For the ex- 
ample problem you would hire 10 carpenters on the first 
day. On the- third day you must hire 3 more. On the forth 
day you need only 7 of these. Here is the problem. Do 
you fire the othv;r 6 and hire them back plus 2 others on 
the fifth day? Or do you retain the extra 6 carpenters on 



the I'frjvoll oven though there raaj bo no k/orli for them on 
the fourth day? There ic a contain procoosing cost asso- 
clatoci T/ith each tine ^ ou hire or fire a nan, x-iOt to — on- 
t'hn tho payroll end aceoujybirg ^r obi oris vhioli aoulc be 
-oyritcx’o-. w: th f :;i.p.cnt ebrnge in '-■'ra'Sonnol. lIotJ.1^- 



^ f,u xn-'iil'. liL'-. to ■ f.re a certain rrojiib’^r of x cn cn th^ fix’st 
un^ n rcli.ln ihu.i- antil tbx. project is cc:n^ i --tod. Ir 
addition to the or.ti’a costs asscciatod nich frequent hlx-ii-g 
ard firing is tlio loss ol confioonce anc gooa <;ill. Thui’o 
sj'o .xitlioui doubt Cx grex.t benefits to to dorivea from 

tv;ln;_, t‘ ‘p’_ o joct'-lif o cmployei'', IxvOVoi, jo'u. co net .;ant 
to ■^■’ovaln idle .'x. sorryol n tho payicll. Icrtainly you 
xoxdl'x not hire 1^ carpente.. 3 for tho entire 1^.0 da^ c cf tho 
f::c,.iplc p-'oj jct. 

The 1,-0 1'o coji-.ox.. -cotbod of i-s- ucing mcjiinux.i reoourco 
requlroxer.t levels is tlu’ot.gh use jf tho floats, xx ^.icat 



deal of X'sse'urch htvS been conducted i: 



:ont 
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di.forent Ms;thoua of xxsing floats to adyuol Ux-tivit^ 
starting,, tiie.s trad thoi^ob^- loser xrxu;ci-..uin resource levels. 

■ ovoz^al Curr'ULor pi'ct>'U*.a hai/e bOx-n developed so x-ccosi- 
dlsh tl-1.:. nost offectlvoii . of tx..o.i uilx. bo cls- 

cs...seo in 'cl.:o norct „octlon. Thero is nc eviac.cu, ho;:ovcr, 
triat cu.y socb:;iqv.os aro c;vu5.1ablo v.oiich siuii.tuln ocn- 
stsnt level of resoui'cu usa, e, ^nailer fluctuations are 
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possihlci through the use of float ad justnant methods, but 
not usually a constant level , Again, the bar chart can- be 
used to illustrate this technique. In the example a great 
deal of float v;rs available for activities connecting events 
1, 4, 7 and 8, If activity 4-7 requiring 5 carpenters is 
delayed until after the completion of activity 2-3 v/hicli 
requires 8, then the ciaximun requir.inont for carpenters 
is reduced from 15 to 10. Sec Figure III-2 for an illus- 
tration of this change. This delay affv^cts only one othor 
activity. The earliest possible tine of event 7 Is nov 
changed from daj'- 12 to day 16 and activity 7-8 must be 
delay -d until this time. However it is t-vident that the 
project completion is not delavcd and direct costs for the 
project are in no v/ay altered, 

Itirthor use of float to alter activity starting times 
could bring maximum requirements even low.r and possibly 
even aring the maximuia fltictuation within one or two m-n. 
Louev r it should be remembersd that this is an extremely 
simple example and it is on larger projects with many more 
simultaneous activities that this method has been observed 
to be ineffective in reducing fluctuations. The work of 
John H, Broch which demonstrates this fact will be discussed 
in the follov/ing section. Also, only one resoui'ce has been 
considered. When several other resources are added to the 
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problem and when it is considered that in many pro^Jects, 
the amount of float available will be very limited, it is 
readily seen that ths possibility of resource leveling by 
this method is, at best, very tenuous. 

Graphs of resource usate versus time on the pro;Jcct 
might illustrate oetter what is desired in the way of re- 
source leveling. For the original schedule of the example 
problem the requirement curve for carpenters v;ould look 
like that in Figure III-3. The area under this curve, of 
course, represents total carpenter man-days required for 
the project. After adjustment of float on actlvitl^-s 4-7 
and 7-8 ) the curve would appear as in Figure III-4. For 
ideal resource leveling one v/ould desire a curve for this 
project such as the one shown in Figure III-5* Eo\>rever, it 
is doubtful if this is possible on most projects and cer- 
tainly a fluctuation of one or two men is not infeasible in 
a technique wh-re input information is only an educated 
estimate. Variations in worker productivity can cause changes 
on the job which completely obscure small fluctuations 
in resource sch'-duling. Also since fewer activities are 
normally in progress during the S'^veral drys at the be- 
ginning and end of a project, resource requirements will 
usually ue lower a- these tines. The resource rsquirem nts 
of a large project would probably reach a peak sometime 
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ncBt the half-way point in the conpl.ti.jn of the pro^,.ct, 
Th-refore, a r s urce usai.e curve such os the one shown in 
Fifurc II1-6 ni{ ht be perfectly acceptable. Kow^v-r, a 
cotistaiit level is still the id.al aituctioa, even thoUj h 
it may not be achlov-d on uany actual projects# Ihc factor 
n..ntion d above are merely restrict! ns inpos d on any 
resource L. velliif, teciaiique oy the project itself. 

It sh.'uld oc rrmeiabired thot thv. total carp ntcr man- 
days requli't d lor the project compl n is a constant, 
‘ih,.rcfore, th : areas und r all four ivoource curves must 
be equal, this, of course, aasum-s that efficient con- 
ditions and cemetant producwivity ore nainwain d. ihe only 
situation to be strictly avoid -d is that in wbicii larj^c 
dips occur in the cilddlc of the curve. This is the situa- 
tion in which hlth cost of retaining 1(51.. p-rsonn,-! can 
n-igatt any valus which a critical path sch dule night 
othJrv/isc hsva. 
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IV 

L .SOUixC .. 3CI)..,i ULIKG J'i.rilCDS 

I>UG to the spread of the Critical Poth Method there 
liaa b en a £re? t deal of Internet in recent ycers In the 
resource scheduling, protolen. Many of the sfune private 
concerns vjhich orltiaally developed the Crlticol Path Method 
have attetaptad to find soluti ns to this problec also, 

Thire is cnly Unit d information available conc^rnint the 
nejority of thi..sc soluti ns, Saveral will be explained 
briefly in this stsetion. 

Be source Plenning and Scheduling Methods (BPSH) de- 
veloped by Mauchly ilssociotes (3) is what is gcnurclly re- 
ferred to as a “serial” nethiod. Activities ere renk^d 
occording to ascending torisinal event numbtrs and then 
sclr^duled one at a tine, An activity is scheduled at its 
earliest possible tine uiiless a predate mined resource 
availability limit is exceeded in doing so. In this csso 
the activity is delayed until sTich tine as it can be sched- 
uled vithvUt -xcaeding the sot limit, Th\s nothod allows 
an activity to be split into soctioris if the resource Unit 
permits its start but makes it n cessary to d^lay pfit of 
the activity befoi'o its finish, A Unit is imposed oii. Ih.. 
extent to which an activity can ,x dela^ d. If «n activity 



is delayed to this licit, it is scheduled at this rct.ard- 
Ittss of excess resource usage. It appears that all re- 
sources are considered simultanoously in this method and 
that usage of all resources must be below their respective 
limit in ordvr to schedule an activity, A basic CPM an- 
alysis is used initially to dsterrainc th-. schedul d dura- 
tion of ..ach activity and th refore its daily rcsoui'ce usage. 
The reason for this is not clear. It v/ould se-cra that since- 
the sch<^dulo derived oy the Critical Path Method is made 
obsol..te oy che resource scheduling considercti ns; that 
the activity durations given by the Critical Path Method 
might not be optimum for the final schedule derivt:>d by HPSK. 
In other words, it would seem logical that the activity 
duration would be optimum only in the particular schedule 
for which they are derived and not in another schedule ob- 
tain:;d oy delaying a number of activitios. 

Resource Allocation and Milti-Pro joct Scheduling (RAMPS) 
developed by L.I, du Pont de Nemours and Co, {h) and Job 
Leveling developed by W.C, Hillemeycr of the Cities Service 
Petroleum Company (?) arc referred to as “parallel" methods. 
These methods, instead of scheduling one activity at a time, 
choose out of all those activities which can proceed at a 
certain time, a group of activities which do not exceed re- 
source limits. This group is usually chosen so that the 
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activities v/ith the least total float are chosen first. The 
major drawback to this method is that there is no simple 
way to determine if this troup so chosen leads to the op- 
timum solution. RAI'IPS attempts to solve this problem by 
testing many different combinations of activities for the 
chosen group, Hov/ev«r, it v;ould be very impractical to 
try to test all possible combinations in a large project 
to ceter.iine which is optimum. RMPS also allows splitting 
of activities as in RPSM and further considers the length- 
ening of activities v;hen possible in order to obtain a 
lower daily resource usage. Job Leveling contains another 
refinement in that it computes a revised total float for 
activities vrhich nay be delayed. This revised total float 
is used instead of the original float to choose that group 
of activities v/hich should proceed at a certain time. This 
refinement aids in obtaining a nearer-optimum solution but 
there is still no assurance that the optimum is accomplished. 
Another and generally less effective method of reducing 
maximum resource usage was used by J.R, Farmer in his CPS 
200 (6). This is what v;&s described in the previous sec- 
tion as adjustment of float. The average usage level for 
each resource is computed and floats are allocated among 
non-crit,ical activities in an attempt to maintain resource 
usages as close to these averages as possible, ’vent times 
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and floats are recalculated each time an activity is ad- 
justed and several complete runs throuth the entire pro- 
ject arc usually required. 

J.D, Kidd in his CRS 333 ( 7 ) attenpted to improve on 
the method used by Farmer, CKS 333 first attempts to re- 
duce the mojcimum resource use£e to as low b . level as pos- 
sible by the adjustment of floats. ?hcre art two limits 
which the method tries to meet - a critical limit, above 
vhicji resources are assuuitd to be unavailable, and a de- 
sired limit. If the critical limit is exceeded at any time 
aft r floats have been adjusted, an indication of this is 
given. The arrow diagram can then be alt red, possibly 
lengthening the project or using another schedule given by 
the original CPM analysis. The allocation of floats pro- 
c.eds again as before and it may be necessary to rep -at 
this process several time-s. In the .>nd it may be n--cessary 
to adjust th.. ti.\c,-co3t curve for the project to reflect 
the remaining resource fluctuations or excess usrgc above 
the dcsir-d limit. 

In ”An Application of Resource Allocation Tecliniques" , 
(8) Jolm R. Brach describes certain t^^sts that he made on 
Kidd's CHS 333 « On the test project used, CRS 333 accom- 
plished a negligible amoiant of resource leveling which 
would indicate that a great deal of diatrem revision v;ould 
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be necessary on most projects before a satisfactory amount 
of resource leveling is accomplished. This revision would 
in most cases lengthen the project to an unacceptable ex- 
tent, thereby invalidating the whole teclinique. brach, 
however, suggests that CRS 333 might be applicable where 
resource limits are not very stringent. It v/ould appear 
that a gr. at deal of available float is necessary to arrive 
at desirable results with this method. 

King Royer in "CPM vs. Cost Control" (9) makes several 
good siiggestions. This article gives an excellent brief 
explanation of the resource problem and how it affects the 
sup-'rvision on the job. It suggests that in ord' r to reduce 
maximum resource usage, all events be scheduled at their 
earliest possible time and all activiti s l:nglh.;nod to 
make use of the then available float. This makes all ac- 
tivities effectively critical on a time basis but usually 
reduces resource usage- belov/ the critical level of avail- 
ability, However, Roy' r goes furth r to sugg st that the 
resource requirement of an activity can be considered a 
constant regardless of the duration assigned to the activity. 
In other words, he assumes that an activity will require, 
for example, 18 man-days whether it is done in 2 days v/ith 
9 men or 9 days with 2 men. This assumption is not consi- 
dered valid in most cas-’s. In this example 9 men may inter- 
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fere with each other to such an <->:tent that 3 days ore 
required for them to complete the activity. It can be seen 
that Royi.r*s assumption is contrary to the basic principles 
of the Critical Path Kethod and though CPK is certainly 
not the last word, it can be assumed that it is reasonable 
in this matter. 

As previously mentioned, the major objection to all the 
methods discuss -d is that they do not ncc-ssarily level 
resource usage. All these tectmiques attempt to adjust the 
tim^s at which c rtain activiti js ars in progress so as to 
reduce the maximum resource usage below a c .rtain l.;V-.-l and 
maintain it as close as possible to an aVv_ragc. The first of 
these goals is accomplished very easily by most of these 
methods but results tov;ord the second goal must ..>e consi- 
dered unsatisfactory . At present, there do^^s not Svcrn to 
be an available technique v;hich allocates resources to ac- 
tiviti s in such a nonn...r as to maintain ^vtn a near-con- 
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A PvESOUBCS LICVEII:;G TEICHMQUS 

To this point, it has boon assiancd, apparently by 
every one concerned ^dth the r 0 3 our*co allocation problon, 
that the nwiiabor of r.ion onployod on a certain activity rrast 
roriain a constant throughout the duration of the activity. 
That is, the aniouiit of each resource roqxiirod by an ac- 
tivity riust bo the scxio for each day of the din-atlon. If 
an activity requires 2l\. carpenter luon-cui^rs for its con- 
pletion and its schodulod diraation is i;. days, then the 
assiEiiption has boon that 6 carpenters riust bo assigned to 
this activity during each of these 4- days, ’.Mle this 
consuant creu size is a desirable good, it is usually not 
a very good rcx^rooentcvtion of v;hat actually t alios iplacc 
on a job. There are a great raany factors uhich izaj nalie 
it nocossary to assign 7 cai’penters one dc,y ind 5 the no;;t 
to the activity mentionod above. 

Consider hovr the r.i£Ui-aay requirements fox* a j^crticu- 
lar activity gj’G oerivoa, Tho basic laiowlcdgc from x;hich 
to procood is the ar.iount of material to bo placed. That 
is, it is laioirn beforehand hovi much framouerk is required 
for a certain floor slab and hoxx much lumber is required 
to erect this framcuorli. 



Ifont, an estimate is mado of 
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productivity per man, that is, how inuch fraraework can bo 
erected (limbor placed) by ono man in one day. This figvire 
must necessarily bo an average derived from experience and 
observation. VJhon this second figure is divided into the 
first, the number of carpenter man-days roqaix*ed by the 
activity is obtained. To obtain cost, this figure is mul- 
tiplied by the wage rate for carpenters. To obtain average 
crevf siso, the nuiubei* of nan-days is divided by the sche- 
duled dur-ation. However, this average crew size caraiot of- 
ten bo iriuintainod. Suppose the productivity of several of 
the cor'pentors is below the estimate , After the activity 
has progressed for a few days and it is found that it is 
lagging behind schedule, it may bo necessary to increase 
the crov; siso by one or two men for the last poi’t of the ac- 
tivity, The saiJie situation may exist if a man is token off 
the job by illness or accident. An accident could cJ.se 
destroy per’t of the con^letod vcork. In cases like these 
it would be desirable to take men off of activities that 
ai‘o propiJ-'*ossing well or alieaa of schedule, and put them on 
the delayed activity so that it can bo completed on time. 
Tills has the effect of decreasing the crow size of one 
activity and increasing that of another. 

For this reason it is felt that constant crow size 
does not need to bo a strict assuraption but should merely 
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bo a docirablo o.im of any rosource allocation tochniquo. 

Tills does not clianco tho fact that no-n-days roquirod is 
still tho basic quantity e.ssociatod with any activity, Hon 
doos it chcngo the cost information which is irrout infor- 
mation to tho schodulinc phaso of tho Critical Path Method, 
It must bo assunod, of course , that tho crow sizo always 
remains within tho limits of an ©fficient-sizo crow for each 
activity. If tho crov; ciso is a3.1owod to fluctuate outside 
those limits, tho coat of the activity v;i3.1 bo increasod 
accordingly. For this roason, activities cro critical 

must bo considered soparatoly. Critical setivitios usually 
have a scheduled duration vrhich requires o. crovr size tlipt is 
oithor equal to or rrocter than the maximum efficient crevx 
size for tho activity, Thoreforo, tho crew size of all cri- 
tical aotivitios must be constan"' in order not to increnso 
tho inofflciency of the crows and theroby increase costs. 
This usually -crosents no problem sinco in most projects only 
a relatively small percentano of the activities v/ill bo cri- 
tical ir the optimum GPM schedule, 

hith tho assumption of variable crow size, tho problem 
of resource leveling is greatly rodticod, Tho basic critical 
path analysis can be used as a starting point for resource 
leveling as in some of the resource scheduling methods des- 
cribed in the preceding section, but with much more siiccoss. 
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J?ow, Jxatoc.d of i 3 K>i*oly ohiftirsg activity tiinoo vxithin aaall 
lliTiite in order* to reduce resource corflicta, resources can 
bo truly ollocctod to activ’ities day by dry in ouch a vmy 
as to maintain a conatemt lovol of In this oec-tion 

a tocimlQUO will bo deocrlbod which aVtouj^ito to accor^-lish 
this. 

As provici’sly rjor.tioned, tho priiimi'y purpooo of this 
tociiriquo is to tiainteln a comtcjit lovol of roquiroaont for 
each roootu’ce throuchout the entiro duration of the pi*ojoct. 
foconxlririXy, it is deolrablo to waintain a fairly constant 
lovol of rooourco uaego for cr.ch octivity tlirouchout ito 
duration. .Basicfil.ly, the toothod Btai't vjith the roaulto of 
tho Critical 1’c.th hothod, A particular duration is soloctod 
(usually tho ono loading to the losDt total project costi rnd 
tho ochodulo ncaoclatod tuis dux*ation lo onalysod. All 

ci'it-ical activition have only one poosiblo dui'ation bocaueo 
they camiot be longthonod without dolaylng tho project cOi.i- 
plotion. 'HhQ non-critlcal activities all have varying 
cnoiuits of float. In this itothod, all ovonts aro schoduiod 
ct tholr 6 or H ost poGslblo tirno find oach activity is longth- 
oned to lost tho ontii’o tino botv;ocn its tox*n.inoting ovonto. 
That In, all critical or ‘•creshod** activities aro loft at 
tholr schoduiod duration and nil non-criticcl cxtivltioa aro 
extonced by tho amount of tholr froe flort. 



This has tho 
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effect of filling in time gaps in the project and making all 
activities offoctively critical. I'ou a senarato bar chart 
of tho project is constructed for each resource to be leveled 
Xvhich includes all those activities in tho project vmich 
roqxiiro tluls rescirrco. Under the bai* roxjrosonting an ac- 
tlvlt;/ is vifri'Gten tho total nimibcr of laan-dai's or machxne- 
days of this rosourco required to cor,i-:leto this activity. 

The b£\r chart of caj.'’pon‘cor requirements for the o:cai:]plo 
project discussed in section III is shewn on the next page. 
This is of course for tho original schod'ulc without any ad- 
justnonts of tho erjrliost T)OOsiblo ovent tines. It can bo 
aeon that those activities requiring no crrpjcnters ai’o not 
incluclod. 

The total nxmibor of man-days or machine -da 3 ,’'s of the 
particular resource roqixirod for complotion of tho project 
is now divided by tho total length of tho project, Tho 
reotclt, roimdcd to the next Ixigher integer is tho desired 
level of usage for this resource to be maintained through- 
out tho project. In tho oxamolo, a total of <-21 carponter 
man-days ore required for tho I 4.0 daj’’ project. This indi- 
cates that a daily requirouont of 6 cai’ponturs is to bo 
desired. Therefore, the problem is still one of converting 
a usage plot such as Figuro III-3 into one similar to ?igi>re 
III-5, The outlook is nov: fairly optiiiiistic, hct:cvor. 



Tho object is now to assign aian-day (or machine day) 
units or the particular rosourco under consideration to all 
activities in progress on a certain day. Assignment begins 
v;ith the first day and continues day by day to the end of the 
project. The basic restraint is that the total number of 
\inits assigned for a particular day should not exceed the 
desired resoxorce level. As mentioned earlier, it should also 
bo kept in mind that tho niraber of units of a rosoiu*ce as- 
signed to a particular activity should always be '..Itliin tho 
limits of an efficiently sized crevf for that activity. Other- 
i7iso tho cost of this activity will bo increased and the 
total man-days figuro associated with this activity vjill be 
incorrect. For this reason the units of resource usage should 
bo assigned to critical activities first. Since these ac- 
tivities cannot be lengthened and since any increase in crow 
size v;ill Increase their cost, critical activities have only 
one possible crow size and therefore only one possibility 
for resource unit assignment. In the example, activities 
5-6 and 6-6 are the only critical activities wMch require 
carpenters. Activity $-6 requires 12 carpenter man-days and 
lasts 3 days. Therefore, )[. carpenters must be assigned to 
this activit^r for each day of its diiration. Similarly 2 
carpenters must be assigned to activity 6-8 for each day of 
its dxiratlon. These assignments can be soon in Figm’o V-1 
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written above the bars roprosenting those activities, 
all critical activities have boon assigned resource units, 
assigrenent then starts at the first day of the project and 
proceeds day-by-doy as follows: Por each day a ouota is coia- 

puted for each activity in progress on that day. The quota 
is derived by dividing the reqxiired nan-days rer.ialna.ng to be 
assigned to the activity bo the ronaining length of the ac- 
tivity in days. Beginning v;ith the activity wliich tonalnates 
oarliost and procooding in order of increasing terminating 
event time, each activity in progress is assigned a nmber of 
resource units equal to its quota rounded to the next higher 
integer. This assigment proceeds for each day until the de- 
sired resource level for the project is obtained. The final 
activity for a particular day to be assigned rosoxirco units 
have to bo assigned loss that its quota in order for the 
total assigned limits to bo exactly equal to the desirod level, 
Eou'ever, it should bo kept in laind that an activity is never 
assigned less than its minimum efficient cvom. Of course, 
many activities may have no strict minlraum for an efficient 
crow, ivlion the desired reaom’ce level is reached by as- 
signing less than an efficiently sized crow to an activity, 
the activity is assigned either no units or the minimum 
efficient crov, vdiichovor brings the total units for that 
day closest to the desired level. If both quantities are 
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equally distant froia the desired level the greater is chosen* 
That is, the rxiniirtun efficient crevj is assigned to the ac- 
tivity, even though it may cause the total units for that 
day to be groatoz’ than the desired level. Tabic V-1 shows 
the lii?J.ts of ej?ficiont carpenter ci’ow sizes for activities 
in the oxarplo project. 

If the desired rescurco level is not reached by assigning 
its quota to each activity in progress, tuen the roziainlng 
units noocsd to obtci:z the dosirod lovcl ai’o divided equally 
botvjoen all activities in progress, any remainder Doing as- 
signed to the activity vrith the largest quota. If uho quotas 
of several activities are equal, the units ore assignea to 
the one u’ith the greatest total resource roquironents, .igain, 
care sho^-ild be taiion not to exceed the naxim.ur?i efficient crow 
size on any activity. If the quota for an activity on a cer- 
tain day is greater than tho desired rosoucco level, a chock 
is made to see if the termJ.nating event of tho activity can 
bo delayed. If so, the total reqtilrod laan-days I’emaining to 
bo assigned to all activities ending at this evont is divided 
by tho dosirod rcsozu’ce level. The event is delayed to the 
point i;hcro tho nuribor of days remaining in these activibies 
is equal to the quotient obtained by this division, thereby 
using more of the total 3’loat of tho activities concerned. 

If tho terminating event cannot bo delayed, tho quota is 
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Ds signed to the activity at its present length and certain 
changes made later which will be explained. If at any time 
the quota of an activity becomes exactly equal to or greater 
than the maxiravmi off iciently~sizod crov;, this activity is 
considered critical and must bo assigned its quota for the 
rest of its du2’ation. In the daily assigning of units it 
may be foxmd that several activities have the same terrri.- 
nation day. In this case the activity ;iith the smallest 
quota tal:es procodonco and assignment proceeds in order of 
ascending quota. Figure V-2 show’s the exarrole project after 
it has been cor.^jletely assigned. Activity 7-8 of trj.s dia- 
gi'am illustratos a frequent occuranco of this method. This 
activity requires 18 carpenter mcn-dayo. Hovjovor, when one 
ai’rivoo at day 26 an aosignrdont of the remalriing one man 
would be below the efficient crew si so. Thorefero, the 
ninimvor- efficient crow must bo assigned even though it in- 
creases the tottij. man-days for this activity and for the 
entire project. 

After the entire project has boon assigned, it may bo 
desirable to chaiigo certain factors and rim through the pro- 
cedure a second time. For instance if an activity had to be 
assigned a lov; nui'iibcr of units over e groat dual of its 
length because of simultaneous oarlv -terminating activities, 
i’c might bo left c.t tlie end of its duration with an extremely 
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liigh quota and no possibility of longthoning. In tills case 
it vjould bo vjoll to roiso tho do sir able resource level over 
a certain rango in oi’dor to spread out the roquix-ed man- 
days over tho length of the activity, i'his could be done 
by considering all activities xvhlch terrinato ;d.th or be- 
fore tho troublouomo activitj” to bo a seperato project from, 
those follot;ing end compute t;:o separate dosirod resourco 
levels. In that case the range of the dosirod rosoxirco le- 
vels would be from the beginriiig of tho project to tho 
event xd'iich teri.iinater tho troublosomo activity and from thi 
event to the project ond. All criticsi activities which 
span ovoi' this division of ranges would have to bo split for 
this purpose, ihe part :;hich lies in c.a,ch range x'ould have 
to be considex-ed ’*ith its respoctivo x’c.ngo* 

/'nothor change ■'.hich might be desirable in a second run 
is different event tines. In the era:.g>le it is seen that 
sovoial activities ai’o effectively split; into two aotlvi- 
tios, 'fhoro is a period of days during tho activity in 
which no units of reootirco could be assigned co tho activity 
A splitting like tills wlilch leaves on activity dormant for 
several days may bo undesirable, .box’ tliis reason it may 
bo wise to doloy the starting tlmo of an activity until it 
can be coi.wletod in ono continuous series of da^'-s. This is 
not always true slnco many activities are often lo.ft dormant 
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over u’ook-ends ae a nor;aa3. practice and a few dciys lencer 
wct:ld nake little difference. In other cares it riicht bo 
desirable to change the liriits of the efficient-siso crow 
on certain activities ir order to a xeore coiist'-rt cr^'w 
rise. ‘P’^e vippor limit of an officient-rize ovqm is, ir 
{Tenoral, a fairly flc::ible val'ae and may often bo incror.scd 
an veil as decree sod. In rieru’e V-3 io shovni the rcaicn- 
remt for the enarrplc project after the follcwin/;; chances 
are made: Activity l-i| is dolajrod until day 2 tlius delaying 

event i{. until dry l[. Activity 1-7 is delayed until day ii.. 
These delays have the effect of MoIc;inf activitiC'S 1-7 and 
l;-7 cortinu-otis. Activity 7-B is also made contiruotxs by the 
nocessaxy delay of event 7 to day 21. The rccovroe require- 
ment curve for tidls schedule and the re3u2.tir.c carpenter- 
unit assienmonts Is sho^ai in Figure V-4. 

i-cnctincs one aesicru-ont rm.. roy be sufficient and at 
times it may uo desixctblo to repeat tlio process three or 
more tiic.es to detormre the effect o.f certain chanj^os, Hovx- 
ovor, in m.ost cases the necessary chanpes can bo readily 
cotcrr."'incd by inspect j on of the first run and ortly one more 
will be requ.i~’od to obtain the do sired lovollns, Gomo 
small change.s in assicrvionta may still be desirable after 
the seconc ran. 1 'ut th:y ■ ir. bo laado to the indiividual ac- 
tivities vith~cut r.ecessitr.tixiy an entire t’odrd ruau It may 
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be possible to level out some of the snull fluctuations seen 
in Figure V-i; in this manner. 

It is necessary to repeat this entire process for each 
critic?xl rosom’ce. However, after the first resource hcis 
been assigned, the event tines cjxnnot be changed. They az’e 
fired at the final value they v/ere given in the assignment 
rims for the first resource considered. For this reason the 
first resource must be carefully chosen. Usually one re- 
source is obviously most critical, Either the availability 
of this resource is sharply lijnitod or the original require- 
ments of the project fluctuate wildly, Possibly it is the re- 
source with the largest total requirement for the project. 

If no single resource is obviously most critical then the 
first resource to be assigned can be chosen at random from 
those with the lai'gspt requirements in terms of total pro- 
ject man-days. 

From inspection of the example problem it would not seem 
that this method is very effective. For a project as small as 
this is, there is still a relatively large amount of resource 
fluctuation. The fluctuation, though, vjould be of the same 
magnitude regardless of the project size. Therefore, on 
larger projects the method wou3.d appear much more effective 
because the fluctuations v;ould not be as obvious, k g€»r.eral 
flow cilagrarri of the entire tochj^ique is shown in Figure V-5* 
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VI 

OTflBR POSSIBLE TECm^lQUES 

In tho process of deriving the technique of resource 
levolinc discussed in the previous section many possible 
schemes v/ero tried. In this section some of tho more 
proiiiising of these will bo discussed as well as some ideas 
to bo kept in mind by ai^yone interested in the resource 
problem. It is hoped that perhaps some of those ideas 
could form a baeis for other and possible bettor teclmiques 
of resource levolins, 

Ono posciblo addition to the teclmique presented woxild 
bo tho coii^jutation of a daily p roject quota. That is, for 
each day, the numbor of roso'oroo units roraolnlns to be as- 
signed to tho entire project would bo divided by tho re- 
maining length of tho project. The figure obtained would 
then bo used as a revised desired rosoiarce level. Initially 
the project quota xjould bo equoi to tbs original desired 
resource level, Eewovor, if it is necessary to exceed tho 
desired resource level as in da^fs 1;. to c cf tho oxairnlo 
project, tho i>roject quota laay decrease in the remelning 
days of the project, using the daily project quota as tho 
desired rosoui’ce usage level xcould eliminate the sharp drop 
seen at tne erd of the project in J'iguro V-I|., 



The follov;lng revision could bo raado in the day-by- 
day acsignraont of resource units to activities. Instead 
of assigning each activity its quota and possibly reaching 
the desired resource level before all activities have been 
assigned units, the units available covid assigned to 
all activities in progress in a ratio proportional to tho 
quota of each activity. In this raamier all activities in 
progress u’ould be assigned some resource units, oven though 
it may not be as groat a nxaaber as the quota. In this case 
some method I'jould be necessary to olininate the assignment 
of non-integral values, 

inothor possibility is to use a tocimique, such as 
Kidd’s 333 > to adjust event times before boginnir^g to 
as.'3Xgn resource units to tho activities, j’or tho piiX'x^cse 
of adjusting event times to mshc optimum use of floats, a 
constant crew size v/ould have to bo assuzacd for each activity, 
Hox/ever, after tho optirauiri event times are sot, assignment 
of rosoui>ce xmits could proceed as in the tecimique of ioc- 
tion V. 

So far, these tecimique s all make use of a basic cri- 
tical path schodulc. roi’haps the Critical lath method 
could be ignored and a technique devised vrnich determines 
an optimum schedule on tnc basis of level resource usage. 

One could begin vxith an arroxi diagrata similar to that in 
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the Critical Path Method, Then instead of constructir^ 
a cost -time curv^o, a cvirve of rosoiirco usage versus tiiTiO 
could be detorEiinod for each activity. This curve v;ould be 
voiy siiuilar to the ti:.i6“Cost curve in n.ost InotancGc, uc^over, 
thoi'O vjould bo cor.io ivroortant dirforoncus. In toe case of 
the tir.o-coot ci-U'vo a constant or av'orago exes si so i.ust 
be asstu.iec for’ each tetivity. It is tbo point .vbwj. o t .ia 
o.vorage Xo^luo bOoOi.ies greater than the /iisuoiiatui efficiexit 
ere*/ olf'iO that t'lo cost of un activity begins to riso. 



liowevci', as shoun in ihgui-o II-S:, only a fox. Unite ecints 
ox'O actually coi.^jutc.a and sti aiglit lire sogmonts ci’o assuiaod 
botu'oon these x->oints. in this ri,annor the i i-*.-ve la continuous 
in straig;*t liiio s3g..jents. This is, at best, an inac^u- 
raco asirju.ij.)tion, Gonsidei* the fl.ai iDortion Ln) curve 
v.’hoi'o gG s ca-e I’eguix’oc. to coi 4 ^ 1 (:.te this sntivity. 

Tills a:^tivit^ can be coiayleted in G da^'’s :;ith 0 nen or 

12 days ’.lith 1;. sxon, out it oeasnot bo oon^lct jC at sn;, tine 
betx.oon those tiiO ctui'atlous using a constant si sod croi., 
TTior'ofox’e, it -.li^Jat bo uscu.iod. in asiy cost-tiiio curve or 

resoiu’ce usa^e-tisco cu-'vo that fnose oixrvus a.u’o not «.oxiti- 

nuous but Instead a cories of Isolated ycinta, Ol.U’l: (1/ 
suggests that suc}i a c..U'vo should u concinuous h^'pci'oola, 
'Jlrls indicates tiiac an activity cou_^ be j.ongthcnod iiaiorin- 



roquxrcci uould io^roase 



a Lely and tn^.t aiio coco oi' 
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contiiluoualy iia i;h3 acti.’vity ia lerijjthenod 



, i'loia ia, or 

coiirao, co:.:plotoiy all Stic oinco uaipowor can docroaso 
only in finite integral stops, /cLso, there ar*e aofirn.te 
maxinur. ana xrn.ni:,Ai:.i ii:..iba on aLo length of an^ acLlvit^, 

In addiiCj-a* , ac haa boon provioUily ata^e^., tno cost of an 
acoivity 'trill bcyyin co inci'case at onr^aocnab^y long a'urations, 

uaing a plot oi rcaoorce usage vcraus CAi.ie rcr cacri 
a^^ j a prooece exxuxxar oxie s^'jrxcxcal .4 ath no'cnocx 
cculct bo foxiov;cd i;o obtain a ochcaulo ’..iiich is cptm'ur: 
frora the ^oix.t of vlcv: of rocc’u:‘uj xo/oxing, xca_t cost 
^rould be a soconaaiv ccnoorn and ;;ouid foxo.o..* nat'ux ally fron 
a least I’coo'uree usage achoduxe because of ^lic basic e'e- 
penisnee el cost on rosoioree usage, ..t one point doi’aciona 
longer chan thoso obtainuolo '.ritn an ef- iciontly si sod cro'W 
xrero eonsidorco. It x.'ss felu thac oxxo -rj.gnt xnit daily start 
at the lo-igeet pcssx b lc dui’ation for oueh activity, nox;- 
ovor, cho long uuratiens x:orc later discarJ.ed occause Cx^oy 
v'ould require gx’ot, ccr ..lojiipovjcr cui^ theroferu t_,rv.a'ucr cost 
than so.aO shorcer durations for chc 3a..io actxv_te . -‘or tills 
reason tiiey 'aou.l\4 ultcost novoo.' eo x3.ic-*.U\xwd an an^ opcxiCu^i 
scno^ulo. ia.r.e ana offort eon t.ioioiore oe s^-vsd _n no- 
gloct-n,., c**o..x, 

^ xxo X ol^ ox j wXi^ ..iXe o iXo d is cnoi'OxOi'O su^goatOv^ ac a pos eible 
so-Utaoxi to cue resou-'co xev^xxng proelo-.i, xirci; tno cx.*roxr 
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diagrom is draiim as in tho Critical Path Hotriod. Then a 
plot of resourco usage versus d'oration is constructed for 
each activity, consisting of isolated points. The greatest 
dttration on tMs plot la that one corresponding to the rain- 
ijnura efficiently sized craw. Then, using this greatest 
d\u?ation as the scheduled duration for each activity, a 
schedule is derived. This is the base ocho ’ule from xvhich 
the process now proceeds. For this schedule, a rosovirce 
usage curve is constructed for the xnost critical resource. 

In tills method only one resource can be leveled and there- 
fore it is best for projects v;ith only one critical resource. 
All activities are now using the laininum efficiently sized 
crew throughout their duration and constant crew sizes will 
bo used for all activity diu’ations in this method. This is 
wily only certain isolated durations may be used for each 
activity, kTien the resource usage curve is constructed it 
is enclosed in an envelope. The curve and its envelope 
might appear as shown in Figure VI -1. The envelope is 
shown as a dotted lino. The area under the envelope indi- 
cates the resource requirement of the project if a con- 
stant level is to be neJ-ntained thi’oughout. This first curve 
shows a groat deal of unused rosourco if this level is main- 
tained. However, nov; using a method siriilar to those used 
in the Critical Path Hothod, the project is shortened in steps 
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by shortening rctivitioo on cho critical path. The cri- 
teria for choosing v;hich activity to shorten first will 
havo to be ostablishod, nach time the project la shor- 
tonod, another reso;irce usage cvirve is dra\-m and enclosed 
x-rf-th an envelope. This process is continued as long as the 
area under the envelope continues to decrease. The area 
under the resource usage curve should roma:3.n practically 
constant or begin to increase sliglitly, but the area undoi’ 
the envelope should decrease. The maximum resoxirce level 
of the envelope may increase as the project duration de- 
creasosj hovrover. Figure VI-2 shovrs a possible cur-vo and 
envelope after shortening the project by a fexr steps. Uhon 
tho minimum area under the envelope is obtained, the process 
is coiipleto and tho schedule obtained at this point is 
considered optimian. This process could be refined more by 
adding a maxinuin limit on the resource level attained by 
the envelope or by the addition of a method to level small 
fluctLiations in the rGsom”co usage curve. 
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Kothods of operational planning have advanced steadily 
for tho Ic.rt several cocac’os, Iwcvor, it is o^ily recently 
tl'iat ar^y serious work has boon done in the probloi.i area cf 
rcso'orco or mar^OTror schoduliiig, Ivon tx>m, raost racthods of 
solving this problon have proven unsuccessful. It xjould 
appc:r*j in retrospect, that tho I’oa.son for tisis lc.c2c of 
3USC0SC is duo to just one factor *- tho assiar^tion that ac- 
tivity arc: sizes must ronaln constant. This assuiimtion 
srast bo discorded in order to ac-oorq^lish any reasonable 
s-somit of rosourcc leveling, dne actual techniruo pre- 
sented in section V of tliis paper is fairly arbitraty. Once 
tho assumption of vai’iablo crow sizes is allowed, a /'ide 
field of possibility opens up, decoucces can now be allo- 
cated to activities when possible and necessary where pre- 
viously only snail adjustnents in ccti\''itj>' bines wore pos- 
siblo, 

Tho techniniie presentod in section V would appetcr to 
be fairly cucvooscful in leveling resources for tho onairple 
project, rigaire Y-k gives good ir''icatior of this, ITow- 
over, rnoro information was obtained by testing this niothod 
on an actual project. The project used wrs the construction 
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or a ariall threo flooi' apartnont building. The project had 
68 eventa and 10l[. aotivitioo. On a project such as this 
\hiich is relatively small in oompfirison to moot construc- 
tion projects, the tecimiquo oncoxuiterod one serious diffi- 
cult/, It ;/Ks found that c gi'oat niciber of the activities 
in this project oritica3. and that lo I'osorxrco v;as re- 

quired continuously tiu’oughout the project, Thorofoi’o, fev; 
activities could be lengthened and groat gaps e>n.ntod in 
all the I'osoiU’oo curves x/hoi*e none of iliis resovu'c© x-jas re- 
quix'od. On a projoct such as tlfi.s, the techiiique i.*as little 
value. In fact, any of tho riot’iods described in noctioi. IV 
would meet xiith ?>i>pro?iiTiRtoly tho sane dofp^ee of auccoss. 
Poa.siblv a coiablnation of a fD.oat adjustment method and the 
leveling toc'fmi'aiu would gain the best results. 

In spite of a lack of success on t’lis specific snail 
Tjroject, it is still felt that tho iechni-ouo woula be ox- 
ti*omoj.y ef fective on nout urojects, particularly those of 
lar(.'-or oi?;e. In order to test tho technique on larger pro- 
jects, it must be conx/ertod Into an onei'atlng corrrxuter pro- 
grai'ii, '^ho method vras dovolopod xjith this fact in raind. For 
this reason certain tochnlqxios xvore used to males it easily 
adra-) table to connutcr logic. It is honed that in the noar 
f utxu'o , the nothod X'fill bo prog'^ojriraed for cor'gxutcr solxjtion. 
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t’lorobj I'poatX^ Xn-zvoiiBir^z val'oo 



In procOEfj 



or preparin‘3 the cois::putor pr*o5i*cc.i, oortatn i^ef lnei”-en't3 , 
Irujludinr; acrio 2U{j:;;octod in aooticn VZ, coiJ.d bo inclu- 
dod in the 
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